The effect of water stress (reduced osmotic potential) on photosynthetic nitrite reduction was investigated using intact, isolated spinach (Spinacia okracea) chloroplasts. Nitrite-dependent 02 evolution was inhibited 39% at -29.5 bars osmotic potential, relative to a control at -I1 bars. In the presence of an uncoupler of photophosphorylation this inhibition was not seen. Reduced osmotic potential did not inhibit either methyl viologen reduction or photosynthetic 02 reduction. These results indicate that an inhibition of electron transport to ferredoxin cannot account for the observed inhibition of nitrite-dependent 02 evolution. In vitro assay of nitrite reductase activity showed that the interaction of the enzyme with nitrite was not affected by changes in the concentrations of ions or molecules that might be caused by water stress conditions. These results indicate that the most likely site for the effect of water stress on chloroplastic nitrite reduction is the interaction of ferredoxin with nitrite reductase. cycle have been shown to be affected (4, 5, 24). However, inhibition of electron transport to the level of the primary reductant of PSI, and inhibition of ATP synthesis, are probably not significant enough to account for the observed decreases in CO2 fixation. Among the Calvin cycle enzymes, fructose-1,6-bisphosphatase, sedoheptulose-1,7-bisphosphatase, and the enzymes between ribose-5-P and glycerate-3-P seem to be those most affected by water stress (5, 7). Three mechanisms of water stress inhibition of CO2 fixation have been hypothesized. First, Berkowitz and Gibbs (6) have proposed that water stress prevents light-dependent alkalization of the stroma, and the resulting acid condition is a mediating mechanism of water stress inhibition of CO2 fixation. In support of this hypothesis, they found that treatments that alkalated the stroma were successful in preventing water stress inhibition. However, Boag and Portis (7) were unable to demonstrate stromal acidification under similar conditions with their preparations. They provide evidence consistent with inhibition of fructose-1 ,6-bisphosphatase and sedoheptulose-l ,7-bisphosphatase due to an inhibition of both the rate and magnitude of light activation of these enzymes. Finally, Kaiser and Heber (13) suggest that increased stromal solute concentrations due to shrinkage of the stromal volume inhibits the activity of certain Calvin cycle enzymes. They showed that stromal extracts subjected to moderate water stress with KCI were significantly inhibited in their ability to reduce glycerate 3-P and ribose 5-P. In contrast, KCl (10-30 mM) incubated with intact chloroplasts has been shown by Berkowitz and Gibbs (6) 
inhibition of electron transport to ferredoxin cannot account for the observed inhibition of nitrite-dependent 02 evolution. In vitro assay of nitrite reductase activity showed that the interaction of the enzyme with nitrite was not affected by changes in the concentrations of ions or molecules that might be caused by water stress conditions. These results indicate that the most likely site for the effect of water stress on chloroplastic nitrite reduction is the interaction of ferredoxin with nitrite reductase.
The growth of many higher plants is restricted under water deficit conditions, and under extreme water stress death of the plant can result. Although stomata close under such osmotic stress conditions, the reduced availability of CO2 does not totally account for the reduction ofplant growth (8) . Evidence consistent with an effect of water stress on the primary photosynthetic processes (electron transport and carbon fixation) has been obtained from work with leaf slices, cells, protoplasts, and intact chloroplasts. For example, the imposition ofmoderate reductions in osmotic potential (-20.7 bars) to intact chloroplasts resulted in a 60% decrease in CO2 fixation (5) . Implicit in the use ofthese systems is the assumption that water stress imposed on a 'less than whole plant' system by an increase in nonpermeant osmoticum concentration mimics water stress in vivo. Plaut and Bravdo (20) have provided evidence that this assumption is valid.
The principal site of water stress inhibition of photosynthesis has been the focus of much attention. Noncyclic electron transport, photophosphorylation, and several reactions of the Calvin 4Deceased November 2, 1982. cycle have been shown to be affected (4, 5, 24) . However, inhibition of electron transport to the level of the primary reductant of PSI, and inhibition of ATP synthesis, are probably not significant enough to account for the observed decreases in CO2 fixation. Among the Calvin cycle enzymes, fructose-1,6-bisphosphatase, sedoheptulose-1,7-bisphosphatase, and the enzymes between ribose-5-P and glycerate-3-P seem to be those most affected by water stress (5, 7) . Three mechanisms of water stress inhibition of CO2 fixation have been hypothesized. First, Berkowitz and Gibbs (6) have proposed that water stress prevents light-dependent alkalization of the stroma, and the resulting acid condition is a mediating mechanism of water stress inhibition of CO2 fixation. In support of this hypothesis, they found that treatments that alkalated the stroma were successful in preventing water stress inhibition. However, Boag and Portis (7) were unable to demonstrate stromal acidification under similar conditions with their preparations. They provide evidence consistent with inhibition of fructose-1 ,6-bisphosphatase and sedoheptulose-l ,7-bisphosphatase due to an inhibition of both the rate and magnitude of light activation of these enzymes. Finally, Kaiser and Heber (13) suggest that increased stromal solute concentrations due to shrinkage of the stromal volume inhibits the activity of certain Calvin cycle enzymes. They showed that stromal extracts subjected to moderate water stress with KCI were significantly inhibited in their ability to reduce glycerate 3-P and ribose 5-P. In contrast, KCl (10-30 mM) incubated with intact chloroplasts has been shown by Berkowitz and Gibbs (6) 4Plant Physiol. Vol. 79, 1985 plasts were isolated and assayed polarographically as previously described (19, 25) . The assay media contained 0.33 M sorbitol, 50 mm Hepes, 2 mm EDTA, 5 mm Na4P207, 0.05 mm K2HPO4 (pH 8.0). Chloroplast preparations were routinely greater than 75% intact and had rates of C02-dependent 02 evolution in excess of 125 urmol 02-mg-' Chlh-'. Nitrite-dependent 02 evolution and methyl viologen-dependent 02 uptake were measured polarographically. Nitrite experiments contained 9.2 mm glyceraldehyde to inhibit reactions of the carbon reduction cycle. Methyl viologen experiments were performed in the presence of 1 mm KCN, resulting in the measurement of net 02 uptake. Photosynthetic 02 reduction was measured with a quadrupole mass spectrometer. 02 evolution and uptake are distinguished based on the release of 1602 from the photolysis of H20, and the consumption of '802 from medium enriched with the isotope (99 atom % 1802, Bio Rad Labs). The 02 reduction experiments were done in the presence of 5 mM 2-iodoacetamide. Under these conditions, 02 evolution equals 02 uptake, and the rates of these processes are sustained during the period of illumination (several minutes). The instrumentation and methods for data analysis and calibration were the same as described previously (3, 23) , with the exception that the data handling system was a Synertek Sym 1 microcomputer instead ofa Digital PDP-8, and data was stored on magnetic tape rather than paper tape. All experiments (polarograph and mass spectrometer) were done at 20°C using broad band saturating, orange-red light (Schott filter OG 530 and KG 3 heat filters). Osmotic potentials were determined by use of a Wescor osmometer.
Nitrite reductase activity was assayed in vitro based on modifications of previously described procedures ( 17) . Intact chloroplasts (60 sg Chl) were osmotically shocked in 0.50 ml deionized H20, followed by the addition of approximately 0.50 ml of double strength assay medium (final buffer concentration was 500 mm Tris-HCI instead of 50 mm Hepes-KOH). The assay components consisted of 0.5 mM KNO2 and 0.1 mm methyl viologen. The assay was initiated by the addition of sodium hydrosulfite solution to a final concentration of 13.4 mm. Sodium hydrosulfite was prepared in 50 mM Hepes buffer (pH 8.0) immediately prior to use. At time zero and at 1-min intervals, a 0.05 ml aliquot was removed from the reaction vessel. The nitrite concentration was determined using the colorimetric procedure described by Plaut et al. (21) . The absorbance of the solution at 540 nm was determined using a Cary 14 recording spectrophotometer. Nitrite reductase activity was calculated from the rate of disappearance of nitrite and was expressed in terms of ,umol nitrite consumed-mg-' Chl-h-'. In the absence of sodium hydrosulfite or methyl viologen there was no detectable nitrite reductase activity in either the light or the dark. In experiments where the effect of different components on nitrite reductase were determined, the assay medium was adjusted accordingly. (Fig. 1) . Inhibition at 1.00 M sorbitol averaged 39% relative to the control. While some variation was noted between chloroplast preparations, inhibition was always at least 25%. The stoichiometry between molecules of nitrite reduced and atoms of 02 evolved was the expected 1:3, consistent with an absence of other electron acceptors in our preparations (data not shown). Imposition ofwater stress had no effect on this ratio. Supplementation of the medium with the uncoupler methylamine before illumination prevented water stress inhibition at all osmotic potentials tested (Fig. 1) (Fig. 2) . Furthermore, the response to osmotic potential was the same in the presence or absence of an uncoupler. Other investigators have found that uncoupled electron transport to methyl viologen is partially inhibited under water stress conditions (4, 15) , whereas coupled electron transport is unaffected (15) . We attribute the differences between their observations and the stimulation noted here to differences in chloroplast isolation and/or assay conditions. Similar to the methyl viologen response, dimethylbenzoquinone-supported 02 evolution in the presence of 2.5-dibromo-3-methyl-6-isopropyl- water potentials on coupled 02 reduction in intact chloroplasts is shown in Figure 3 . There is no significant difference between the rates at 0. (Fig. 1) . Therefore, stromal acidification does not appear to inhibit nitrite reductase activity. The failure of changes in the concentrations of these stromal molecules to affect nitrite reductase activity suggests that the interaction of the enzyme with nitrite is not the site of water stress inhibition.
RESULTS
The sole remaining possible site of water stress inhibition of nitrite reduction is the interaction of Fd with nitrite reductase.
Studies with the purified proteins may be useful in testing this hypothesis.
The factors that regulate the interaction of Fd and nitrite reductase are unknown, but ionic strength may affect the interaction. Nitrite reductase is eluted from a Sepharose-ferredoxin affinity column by high ionic strength (12 
